Introduction
A basic problem in defining technological parameters for developing blocking stone is determining the direction for developing mining operations and the reliability of predicting the change in the orientation of the planes of cracks. High efficiency in solving similar problems is characteristic for the method of analogues, that is, the prediction of parameters of a system of cracks and the assessment of effectiveness of technological decisions, used in the deposit, similar to the given one in the conditions of formation. It should be noted that the orientation of cracks may be formed in the rock array at different orientation of axes of the main normal stresses, but most planes of cracks are parallel to the axis of the main vector of stress. It is also known that the spatial orientation of cracks is determined by the stressed state of rock formations in the area of a well and the changes, caused by the distribution of stresses. Considering the above mentioned facts, we can conclude that the orientation of systems of cracks characterizes the spatial orientation of stress tensors in this array, so it is logical to assume that in the deposit with the same configurations of tensors of stresses, the process of cracks formation will be characterized by the same regularities. Different methods of mathematical processing are used in studying fracturing, among which the methods of cluster and fractal analysis can currently be considered as the most promising. The methods of cluster analysis, applied in previous studies [1, 2] , revealed low effectiveness in the cases of generalization of results of fracturing measurements at different structural levels. Results of research of various authors prove the fractal properties of fracturing at different structural levels, which makes exploring the fractal nature of fracturing and using the obtained regularities for controlling the technological processes in mining natural decorative stones a relevant scientific and applied task.
Literature review and problem statement
An apparent breakthrough in studying fracturing is the proof of its fractal nature and application of the methods of fractal analysis to its studying. It should also be noted that this approach to studying fracturing is characteristic for its different levels, starting with microfracturing and finishing with tectonic splits. In paper [3] , on the basis of the method of fluoroscopic flaw detection, the procedure of determining fractal characteristics of fracturing of rock formation was established. Continued research into this area allowed authors in article [4] to develop a new computer simulation model of the cracks dynamics in the system of iterative functions of fractal Brownian motion that makes it possible to predict the change in qualitative characteristics of a decorative stone deposit. In paper [5] , the difference in the laws of distribution of fractal characteristics of cracks of various classes was established and parameters of approximating equations were defined. In article [6] , the surface of natural cracks and non-homogeneity of their spatial distribution are assessed on the basis of using a set of fractal characteristics of rocks fracturing.
A number of researchers [2, 3, 6] distinguish three structural levels of fracturing: split tectonics, fracturing of deposit and microfracturing. The above mentioned factors make relevant the search for the relationship between the procedure of structural disruptions and fractal dimensionality of fracturing.
In article [7] , it was proved that with an increase in the intensity of fracturing, the values of fractal dimensionality increase, as a result, low, medium, high, very high and critical levels of fracturing development were distinguished, for which the corresponding values of fractal dimensionality were set.
Results of the above mentioned studies prove the effectiveness of fractal dimensionality for the assessment of intensity, spatial orientation, linear dimensions, shapes of separate cracks and of natural separatenesses, formed by them, and the establishment of regularities of fracturing development.
The regularities of developing fracturing in decorative building stone and their impact on quality were established in paper [8] .
Article [9] explored the process of measuring the elements of location of natural cracks in stone quarries of blocking stone and studied the influence of fracturing on the productivity of mining processes. Results of the studies demonstrated the effectiveness of considering regularities of formation of fracturing in the deposit for assessing qualitative characteristics.
Studies [10] explored the impact of fracturing on the efficiency of blocking stone exploration.
Article [11] explored the efficiency of using a georadar for assessing spatial variability of quality indexes of decorative stone, which gave the opportunity to significantly increase the accuracy of prediction. This variant should be considered promising when combined with natural measurements of fracturing, which will greatly increase efficiency of the interpretation of results of georadar imaging. The obtained results were used for assessing spatial variability of deposit fracturing and evaluating of its quality. The shortcomings of this study include a lack of research into evaluation of regularities of formation of deposit fracturing and estimation of the impact of geostructural indicators on qualitative characteristics of a deposit.
After summarizing the outcomes of the studies, which were implemented in articles [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , it is possible to distinguish the following parameters that can be used for quality control of the blocking products: geostructural (orientation of fracturing, linear dimensions of cracks, depth of cracks location, shape of natural separatenesses, blockiness) and technological (anisotropy of deposit properties, orientation of monoliths in relation to the faces of the natural separatenesses, the speed of drilling and diamond rope cutting of a fractured array).
As a result of the performed research, in paper [12] , the effectiveness of using the photogrammetric methods in studying blockiness and fracturing was proved, at the same time, the influence of the above mentioned indices on the qualitative characteristics of a deposit was not investigated.
The effectiveness of punch drilling of high-strength rocks was investigated in [13] , and paper [14] proved that fracturing of rock array can affect the performance of the drilling process. It should be noted that the result of the executed research did not contain estimations of the influence of fracturing intensity on the performance of drilling. The spatial variability in drilling productivity was not explored either, which does not allow obtaining effective evaluation of the quality of the array of decorative stone and predicting the effectiveness of drilling operations. At the same time, the existence of influence of fracturing on the quality of drilling was proved, which makes it possible to implement the process of controlling the quality of blocking stone on the basis of choosing optimal technological parameters of the drilling process.
Generalization of results of the completed research allows us to emphasize the relevance of developing new approaches to using the fractal analysis apparatus in the process of quality control of non-ore building materials and assessing its effectiveness when predicting spatial variability of geostructural and technological indices of a deposit.
The aim and tasks of the study
The aim of the study is to estimate efficiency of using the fractal analysis apparatus for the process of quality control of decorative stone.
To achieve the set goal, the following tasks were to be solved:
-to develop the methods of fractal analysis of regularities of the fracturing formation for various deposits or their sections;
-to establish the patterns of change in fractal dimensionality at different structural levels and to develop methodological basis for their prediction; -to develop a technique for the estimation of spatial variability of the productivity of blast-holes drilling process and to implement it for particular production conditions.
Materials and methods of the study
Fractal dimensionality is appropriate to define using the method of "coverage", which is implemented in the majority of papers [3] [4] [5] [6] [7] and is characterized by high performance and precision. The essence of the method lies in applying a crack on a model with simultaneous calculation of the minimum number of cells N (r i ), which cover the fractal (crack) by dependence which is derived from the Hausdorff dimension:
where r i is the dimension of a square grid center, which is applied to the rose diagram; N (r i ) is the number of cells that cover the rose diagram; C is the constant value.
Using the existence of linear regressive relationship between r i and N(r i ), the estimation of fractal dimension of the image is expedient to perform based on the following expression:
for i=1-n, where n is the number of iterations. The fracturing roses from 14 labradorite deposits in Zhytomyr Oblast (Ukraine) were taken as the object of study. The construction was performed with increment 10° (which is the most common when examining fracturing) in the software package SteroNett v2.6. Initial data for the construction were the results of geological exploration and direct measurement of the elements of orientation of cracks in mining faces. The total number of measurements of fracturing was 640, and the minimum number of measurements for one deposit was 32.
For their preliminary processing, we used adaptive binarization, based on the Christian method:
where k is the constant, k=0,5; M is the minimum value of gradations of grey for the entire image; R is the maximum mean square deviation of gray value in a local window; m is the value of gradations of grey for the current pixel.
Results of the performed operations are shown in Fig. 1 .
For the estimation of geospatial variability of fractal dimensionality of fracturing roses in labradorite deposits of Zhytomyr Oblast, we used the interpolation method Inverse Distance to a Power (the degree of the inverse distance).
Quite an important factor that can affect comparability of the obtained results for different deposits of decorative stone is the different amount of data (Fig. 2) .
Fig. 2. Dependence of fractal dimensionality on the number of cracks
This assumption is disproved by insignificant coefficient of correlation between the indicator of fractal dimensionality and the amount of data (correlation coefficient is 0,134).
In the study we distinguished 3 structural levels: the first is the level of tectonic splits (length exceeds 1 km), the second level is fracturing of the entire deposit (length exceeds 1 m) and the third level is microfracturing (length is 0,1 mm -100 mm). Distinguishing the levels of fracturing was concluded on the basis of analysis of practical effectiveness of research into fracturing.
In the course of studying the influence of the level of structural disruption on fractal dimensionality, we also used the method of coverage, in this case, the dimension of a cell size of a square grid, which is applied on the fracturing plan, was designated as r i , and the number of cells that cover fracturing plan was designated as N(r i ).
In the study of regularities of fracturing formation at the first structural level, we examined the change in fractal dimensionality for copying from the tectonic map in scale of 1:500 000, the center of copying corresponds to the location of the gabbro deposit of Luhove. The procedure of studying involved scanning tectonic maps, further vectorization of the image using the KOMPAS-3D v16 software and processing the obtained images by the software package ImageJ 1.47 v. The dimensions of the examined zone were 5000× ×5000 m and were gradually growing by 1000 m. 20 iterations were explored. An example of the implementation of this approach for one of the iterations is shown in Fig. 3 . Number of cracks, pcs. The next stage of the study was determining fractal dimensionality of fracturing for the entire deposit by the plan of fracturing on scale 1:500. Similarly to the previous case, the initial zone with dimensions of 50×50 m, which was consistently growing by 10 m, was secured in the geometrical center of the deposit (Fig. 4) . And the last stage of the study was to determine fractal dimensionality of microfracturing of 176 samples, which were selected in this deposit. The scheme of sampling is shown in Fig. 5 .
The samples were selected by separating the sections with dimensions of 260×100 mm at the surface of the ledge, where the diamond rope cutting plant was installed. In case of absence of the saw cut surface of the array, some sections with the similar dimensions were sanded with the help of hand sanding machine. A total number of selected samples was 88. After that, the fault detecting solutions HELLING NORD-TEST U87, U88, U 89 were applied on the saw cut surface or on the sanded surface. Then the surfaces were scanned by the portable scanner IRISCan Executive Book 3 with resolution of 600 dpi. Further processing of the obtained image was carried out by the software program ImageJ 1.47 v. From every selected band at dimensions of 260×100 mm, two fragments with dimensions of 100×100 m were chosen. Image processing was performed similarly to the previous cases.
Fig. 5. Scheme of sampling
To study the influence of fracturing on the drilling productivity, we developed a new procedure for determining the predicting performance of blast-hole drilling process depending on the fractal dimensionality of the zone of blast-hole drilling. One-shot photogrammetric imaging of the area parallel to the drilling area was used in this procedure (Fig. 6) . The image taking parameters: camera Canon PowerShot G12; focal distance 25 mm; 4.34375 lumens; diaphragm 4.5; shutter speed 1/250 s. In the obtained image, we distinguished cracks by ImageJ 1. 47 v on the basis of using approaches to recognition and identification of cracks, described in papers [1, 7] . The section with identified cracks was evenly divided into zones. The width of the examined zone for each blast-hole was selected equal to 1 m relative to the blast-hole axis. With the help of ImageJ 1. 47 v, the fractal dimensionality of the image of each selected area was determined. Drilling performance of the drilling machine COMANDO 110 was determined on the basis of timing the duration of blast-hole drilling with the stopwatch CASIO SGW-l500H with accuracy to 0,01 s and by measuring length of the drilled blast-hole after the separation of monolith using the 20-meter long roulette with accuracy to 0,01 m.
The obtained methods for determining the predicting performance of the blast-hole drilling process depending on fractal dimensionality of the zone of blast-hole drilling can be used for the prediction of spatial variability of the given index. For this purpose, the following sequence of actions is proposed:
1) with the help of a double-sided scotch tape, the measuring tape is attached to the sides of the monolith (at least two), which are currently uncovered by the diamond rope saw plant;
2) imaging of the rock array is performed;
3) during the image processing, the lines, along which fractal dimensions of the expected zone of blast-holes drilling will be determined, are drawn after each 1 meter; 4) in the conditional system of coordinates, in which a common side of two planes is accepted as zero, the coordinates of each line are defined; 5) fractal dimensionality of the predicted zone of blastholes drilling is defined for each line; 6) according to results of the previous research, analytical dependence between the values of fractal dimensionality of the zone of blast-holes drilling and drilling performance is established; 7) predicting value of the drilling performance is determined; 8) spatial interpolation of the change in productivity is performed (the interpolation method Inverse Distance to a Power (the extent of the inverse distance) is recommended); 9) the areas, which are characterized by the expected minimum capacity of drilling performance, are determined.
Results of studying effectiveness of the quality control process of blocking raw materials based on fractal analysis
An attempt to compare the indices of fracturing requires substantiation of the basic criteria, by which a comparative analysis will be run. As such an index, we propose fractal dimensionality of the so-called rose diagrams, the length of rays of which in different directions are proportional to the amount or sum of the lengths of lines of the given intervals of propagation.
Results of calculations, performed by the given method, are given in Table 1 . Close values of fractal dimensionality in each group are explained by the common nature of forces that affect the crack formation, the most significant of which are rotational.
Performed correlation analysis of dependence of fractal dimensionality of cracks on the number of cracks (correlation coefficient 0,19) revealed a lack of connection between these two indices. The groups of labradorite deposits, distinguished by index of fractal dimensionality, make it possible to improve the accuracy of predicting fracturing of both separate sections and entire deposits based on the substantiated use of the method of analogies.
Performed studies allow us to create the map of spatial variability of fractal dimensionality of fracturing in the labradorite deposits in Ukraine (Fig. 7 ), which will make it possible to select promising sections for searching for new deposits and to establish regularities of fracturing development in the deposits that are already being developed.
As a result of studies, carried out in article [7] , it was found that changes in fractal dimensionality correspond to structural reconstructions of fracturing network, that is, it is possible to tell about relative deformations, as well as about Taking into account the results of the previous studies, in this work we performed research into a change of patterns in the development of fractal dimensionality of fracturing with a decrease in the hierarchical level and, accordingly, an increase in fracturing. Results of the study are given in Table 2 . Table 2 Results of determining fractal dimensionality at the first (for splits) and second (for fracturing of a deposit) structural levels An analysis of the obtained results demonstrated that the mean value of fractal dimensionality at the given structural level is D F =1,374720 with 0,023382 dispersion.
Results of the study are given in Table 3 . Analysis of the obtained results revealed that the mean value of fractal dimensionality for fracturing of the entire deposit is D F =1,530420 with 0,031460 dispersion.
Results of the experiment are presented in Table 3 . The resulting sample is characterized by mean value D F = =1,854490 with 0,027914 dispersion.
As a result of the performed research, dependence of fractal dimensionality on the order of structural disruption, which is characterized by correlation coefficient 0,91, was established (Fig. 8) .
It is proposed to describe this dependence analytically by polynomial of the second degree in the following form: (4) where L is the order of structural disruption (for splits L=1, for fracturing of a deposit L=2, and for microfracturing of a deposit L=3). A relevant task was to study the influence of fractal dimensionality of the zone of blast-hole drilling on the drilling performance. The studies that have been performed using the above given method, demonstrated the existence of fairly close correlation connection between the above described parameters, which is characterized by correlation coefficient 0,83. As a result of regression analysis, we obtained analytical expression for evaluating productivity of the blast-hole drilling process depending on fractal dimensionality of the zone of blast-hole drilling in the form of linear dependence (Fig. 9 ) in the following form: Using the above given technique, a change in productivity of the blast-holes drilling for the horizon 180 at Ltd. "Polissky Labradorite" (town-type settlement Volodarsk-Volynskyi, Zhytomyr Oblast, Ukraine) was explored (Fig. 10) .
The obtained model of spatial variability in the drilling productivity for the horizon 180 at Ltd. "Polissky Labradorite" demonstrated the existence of productivity drops to 0,10 m/min, which is equivalent to the loss in shift productivity in the range of 4.8 m/per shift. Taking into account the established patterns of the change in productivity of the blast-hole drilling will allow choosing the optimal locations for blast-hole drilling and obtaining a reliable predicting assessment of the efficiency in decorative stone mining. The obtained results may be implemented for obtaining a model of deposit array of non-ore building materials for the optimization of control process over mining of useful raw minerals. As objective function of optimal management process over technological processes, we should take function of geostructural (orientation of fracturing, linear dimensions of cracks, depth of cracks location, shape of natural separatenesses, blockiness) and technological (anisotropy of deposit properties, orientation of monoliths relative to the faces of natural separatenesses, speed of drilling and diamond rope cutting of fractured array) indices. In this case, it is expedient to select quality indices for objective function individually for each deposit taking into account the geological and technological features. In this study, objective function of the optimal process for controlling technological processes contains orientation of fracturing, linear dimensions of cracks and speed of drilling fractured mass.
The performed research allow us to predict the values of fractal dimensionality of fracturing at different structural Productivity of blast-holes drilling,m/min levels, ensuring significantly lower volume of field observations compared with other methods of studying fracturing. The shortcomings of the performed studies include the fact that their implementation is limited to the deposits of gabbro rocks. In further studies, it is advisable to explore regularities of change in fractal dimensionality, depending on the structural level, for a larger number of deposits to prove a hypothesis about the globality of this pattern. The technique of samples selection for determining microfracturing, which is quite labor intensive, also needs improving. A search for the methods of determining fractal dimensionality of microfracturing by a photographic image of the face surface is also relevant. The basis of such a study may be formed by the establishment of correction coefficients for different cases of curvature in the samples selection plane.
The analytical dependence for the assessment of productivity of the process of blast-holes drilling, depending on fractal dimensionality of the zone of blast-holes drilling, is obtained for particular conditions at Ltd. "Polissky Labradorite", which makes it relevant to continue the studies into effectiveness of predicting the drilling efficiency with the help of the developed methods for other enterprises. Establishing global relationship between the above presented parameters for a whole group of deposits is becoming increasingly important. The obtained results allow increasing the efficiency of control over technological processes in the course of extracting decorative stones through increasing reliability in the prediction of productivity of the drilling process. The obtained methods will make it possible to improve the performance efficiency of drilling equipment due to the optimization of selecting location for blast-hole drilling taking into account the map of drilling productivity.
As a result of the performed research, we proved high productivity and reliability of predicting the spatial variability of geostructural and technological indices of a deposit using the proposed assessment of fractal dimensionality of the indices.
Conclusions
1. To analyze the regularities in the formation of fracturing of decorative stones deposits, a new technique, which is based on the comparison of values of fractal dimensionality of the roses of fracturing, was developed. The application of this methodology allowed us to select a group of labradorite deposits in Ukraine according to regularities of the fracturing formation. In addition, the result of applying this technique together with classic approaches of geostatistical analysis allowed us to obtain a three-dimensional map of spatial variability of fractal dimensionality of labradorite deposits in Ukraine that will make it possible to optimize geological explorations in searching for new deposits, as well as to increase efficiency of establishing the regularities of the fracturing formation for particular mining horizons.
2. The methods for predicting regularities of change in fractal dimensionality at the different structural levels were developed. An existence of correlation between fractal dimensionality at the different structural levels was revealed. The analytical expression of dependence of the value of fractal dimensionality on the order of structural level in the form of a polynomial of the second order was obtained for the gabbro deposit "Luhove".
3. The method for determining the predicting productivity of the blast-holes drilling process, depending on fractal dimensionality of the blast-holes drilling zone, was developed. The implementation of this method allowed us to establish the relationship between fractal dimensionality of the blast-holes drilling zone and productivity of the drilling process and to describe it analytically by empirical dependence for predicting assessment. This method combined with geostatistical analysis allowed creating a method for the assessment of spatial variability of productivity in the blast-holes drilling process. The obtained results were implemented under production conditions to evaluate spatial variability of the drilling performance for the horizon 180 at Ltd. "Polissky Labradorite".
4. The results of the performed research prove high effectiveness of using the fractal analysis apparatus for the process of quality control over non-ore building materials. We proved high efficiency of using, as objective function of the optimal process of controlling technological processes, the function of fracturing orientation, linear dimensions of cracks and speed of drilling the fractured array, which were assessed by generalizing index of fractal dimensionality.
Introduction
We live in a period of wide scale implementation of computer systems and intelligent technologies in all spheres of human life, one of which is the Smart City system [1] [2] [3] [4] . Smart City is a complex system designed to provide upto-date quality of life of residents through the use of new technologies, which involve economic and ecological use of the urban subsystems of life activity. Accordingly, for the implementation of such a system, "smart" solutions in all its subsystems, in particular in transport, are required [5] . The solutions can be: "smart" management of the transportation
